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A phytosociological classification of the grassland 
communities of the Stormberg I Drakensberg mountain 
chain and surrounding lowlands in the Eastern Cape is 
presented, The study area was firstly stratified on the 
basis of Acocks's (1988) Veld Types and then within 
Veld Types on local topography, An initial classification 
was derived by using two-way indicator species analy-
sis (TWINSPAN) followed by table refinement according 
to the methods and techniques of the Braun-Blanquet 
school of phytosociology. Seven grassland associa-
Introduction 
The Eastern Cape is a botanica lly and phytosociologically 
understudied region of South Africa. Much work has been 
done in the mountains of the Kwazulu-Natal Drakensberg 
(e.g. Kill ick 1963, Perkins 1997), probably due to the acces-
sibility to research insti tutions and charismatic nature of the 
landscapes, but the high altilude region of Ihe Eastern Cape 
has received little scientific attention. A lim ited number of 
local or regional vegetation studies have been undertaken in 
this part of the Eastern Cape (e.g. Werger 1980, Besler 
1997, Hoare 1997, Hoare and Bredenkamp 2000), as well 
as some broad accounts covering the whole area (Acocks 
1988, Lubke et al. 1988, Low and Rebelo 1997), but detailed 
floristic information for the whole area is not available. 
Acocks 's (1988) Veld Types of South Africa is the most 
widely used description, but vegelation types are based on 
agro-ecological units and are therefore very broad. He 
based his units on assumed successional relationships and , 
although the descriptions are adequate for general purpos-
es, Ihey oflen incorporate structurally and floristically unre-
lated vegetation inlo a single Veld Type (Cowling 1984). This 
sludy attempts to address some of Ihese shortcomings and 
also contributes towards phytosociological research on the 
Grassland Biome Project (Mentis and Hunlley 1982, 
Scheepers 1986). Floristic and slructural criteria are used 
here to describe syntaxa and to indicate Iheir possible re la· 
tionship with the physical environment. 
tions and eleven sub-associations are formally 
described. Syntaxa are described using diagnostic 
floristic elements and characterised using habitat crite-
ria. Annual rainfall and elevation related strongly to 
floristic gradients, and substrate and slope inclination 
accounted for local vegetation floristic and structural 
differences. Species richness was found to be highest 
in associations with high structural diversity and 
species turnover was strongest where environmental 
heterogeneity was high. 
Acocks (1988) described nine Veld Types for this region , 
of which seven are grassland Iypes and range from tropical 
savanna-Iype grasslands to temperate high-altitude grass-
lands and from dry karroid grasslands to mesic mountain 
grasslands. This high variability is due to the fact Ihat envi-
ronmental gradients are relatively steep in the study area. 
The aim of the present sludy was 10 describe the floristic 
patterns on the vegetation communities of the grasslands of 
Ihe Siormberg I Drakensberg mountains and surrounding 
lowlands in the Eastern Cape, to re late these to environ· 
mental parameters, and to compare the diversity of the 
floristic en tities. 
Study area 
The study area is situated in the mountains of the Greal 
Escarpment and high altitude interior and the surrounding 
lowlands of the Easlern Cape, extending from 30' 30'S to 
32' S and 26'E to 28' E. This area includes the Stormberg 
Plateau , Witteberg and Drakensberg , parts of the 
Queenstown Basin and the lowlandS around Aliwal North. 
There is a large variation in alti lude in the sludy area (Figure 
1). The Stormberg mountain range emerges from the plains 
at approximately 1 200m and Ihe highest moun lain peaks in 
the study area are in the Witteberg and Drakensberg ranges 
at Ben McDhui (3 001 m) and Ben Nevis (2 882m). The 
596 Hoare and Bredenkamp 
woo-- -- --- -- --- -- --- - --- - -------- - --- --- -- -- --
<ll 
"O~ 
2500 
2000 
BE 
~ ~ 1500 
« 
1000 
Great Escarpment 
Elliot 
~o----- --- - - -- -- --- - --- - -- - -------- - --- -- - - --
o 10 20 
Distance 
(km) 
30 40 
Figure 1: Profi le from north to south through the Stormberg I Drakensberg region of the Eastern Cape to show the variability in topography 
Stormberg Plateau varies from 1 400m- 1 800m. The 
Queenstown Basin ranges from 900m-1 500m and is 
interspersed by small mountain peaks , e.g. Mount Arthur 
(1 860m). 
The mountain regions of the study area are dominated by 
grassland, with numerous small patches of Afromontane 
Forest on southern aspects, whereas lower-lying areas are 
covered by grassland, savanna and karoa vegetation . 
The dominant geological group in the study area is the 
Karoo Supergroup, comprising alternating bands of fine-
grained sandstone, shale and mudstone (Maud 1996). 
Volcanic basalt lavas of the Drakensberg Group make up 
the high lands of Lesotho and the northern part of the 
Easlern Cape (Maud 1996). The Karoo sedimentary rocks 
are extensively intruded by dykes , sills and incl ined sheets 
of dolerite (Johnson and Keyser 1976) . 
The soils in the study area may be divided into mountain 
and plain types. The soils of the mountain areas are gener-
ally shallow and weakly developed lilhosols (Hartmann 
1988). Soils in the Queenstown Basin are often shallow and 
poorly drained with high-clay subsoils. The black. vertic soils 
of the Queenstown Basin have a high percentage of mont-
moril lilic clay causing them to swell and shrink markedly in 
response to moisture changes. Soils of the plains around 
Aliwal North are moslly sandy loams containing many boul-
ders and gravel (Werger 1980). 
A wide range of climalic conditions prevail in the sludy 
area. The lowland regions have hot summers and frost 
prone, cold winters. The average daily minima for the cold-
est months are below freezing for the whole study area. 
Winter frost is common and especially severe· at high alti-
tudes. The whole study area experiences summer maximum 
rainfa ll, although a weak bimodal (spring and autumn) pal-
tern exists in the Queenstown Basin. Data from weather sta-
tions indicate a gradient of increasing ann ual rainfall from 
west to east ranging from 419mm at Venterstad to 664mm 
at Lady Grey (Figure 2). Surface response models (Dent ef 
a/. 1989) suggest that median annual rainfall in excess of 
1 OOOmm occurs al high altitudes in the Willeberg and 
Drakensberg ranges and that rainfall increases with altitude 
and from west to east in Ihe study area. 
Methods 
Data acquisition 
Acocks's (1988) Veld Types were used as initial stratification 
units in which to locate sample plots . The area was stratified 
further on a local scale in the field using topography, i.e. 
cresl, scarp, mid- and foo ls lopes and valley bolloms and 
where variations in surface rock-cover, slope, aspect and 
soil Iype occurred. 
Releves were compiled for each sample plol, which 
included environmental variables (Table 1) and Braun-
Blanquet cover I abundance values for all laxa present. 
Latitude-longitude positions for each plot were oblained from 
a Global Positioning System in the field. Aspect, slope and 
surface rock size and cover were estimated in the field as 
well. The geolog ical formations and broad soil -Iypes of Ihe 
samples were read from geological and soil-type maps. 
Using Ihe latilude and longitude positions for each plot, cli-
mate parameters were obtained from surface response 
models from the Computing Centre for Water Research, 
Pietermaritzburg (Dent ef a/. 1989) for each plot. The 
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Figure 2: Climate diagrams for weather stations in the Stormberg I Drakensberg region of the Eastern Cape. Data from South African Weather 
Bureau. Explanation of diagrams as for the example in the boUom right a ::: mean rainfall curve, b ::: mean temperature curve, TEMP = mean 
annual temperature, MAP = mean annual precipitation 
approximate altitude was estimated for each plot by refer-
ence to a 1 :250 000 topographic map. 
A total of 162 releves were compiled in the study area dur-
ing the summer seasons of 1995 and 1996. These were 
standardised at a size of 100m2 in order to facilitate com-
parisons among them. 
Floristic classification 
Throughout the project, the Braun-Blanquet approach 
(Westhoff and Van der Maarel 1978) was adopted. A prelim-
inary classifica tion of the data was performed us ing 
TWINSPAN (Hill 1979a). The data were split into two tables 
based on species occurrence patterns which coincided with 
the first major division of the full data set generated by 
TWINSPAN. This resulted in dry and mesic vegetation data 
sets. The phytosociological tables were then refined using 
Braun-B lanquet procedures (Mueller-Dombois and 
Ellenberg 1974). The partial subjectivity of this process is 
controversial in that it is not fully formalised, but serves to 
find releve / species coincidence palterns which carry eco-
logical information . Therefore , species groups were only 
recognised if (i) the species was represented in the rei eve 
group more often than outside the group (at least two con-
stancy classes greater presence in the group than out, I.e. if 
the species showed high fidelity to the group) , and (ii) if the 
resultant group could be ecologically interpreted (Westhoff 
and Van der Maarel 1978). 
Associations and sub-associations were formally 
described accord ing to the Code of Phytosociological 
Nomenclature (Barkman et a/. 1986), but no attempt was 
made to formally assign names for higher syntaxa identified 
598 Hoare and Bredenkamp 
Table 1: list of environmental variables and abbreviations 
Abbreviation Description 
ALTIT Elevation (m) 
MAP Mean annual precipitation (mm) 
TMIN 
TMAX 
FROST 
Minimum temperature coldest month (0C) 
Maximum temperature hottest month ee) 
No. of days of frost per annum 
% ROCK 
SLOPE 
PETSUM 
PETWIN 
SRADSUM 
SRADWIN 
ASPECT 
TARKA 
MOLTENO 
ELLIOT 
CLARENS 
DRAKENS 
DOLERITE 
PYROCLAS 
QUATERN 
CA 
Estimate of percentage rock cover in releve 
Slope Inclination (degrees) 
Summer potential evapotranspiration (sum for October to March) 
Winter potential evapotranspiration (sum for April to September) 
Summer solar radiation 
Win ter solar radiation 
Corrected aspect (degrees) (see lext) 
Tarkastad Subgroup (mudstone, aren ite) 
Mo!teno Formation (mudstone, arenile, shale) 
Elliot Formation (mudstone, arenite) 
Clarens Formation (aren ite, sillstone) 
Drakensberg Formation (basalt) 
Karoo Dolerite 
CB 
Karoo pyroclastic rocks (breccia, tuff) 
Quaternary (sedimentary, sand, calcre te) 
Non-red soil with strong texture con trasl 
Reddish soils with strong texture contrast 
DA 
EA 
Black and red, strongly structured clayey soils with high base status 
Shallow soH on rock. lime absent 
EB Shallow soi l on rock. Lime present. 
GA Rock with limited soils 
in th is study. Associations revealed by the phytosociological 
analysis could be grouped into larger units based on species 
of wider amplitude and for descriptive purposes a hiera rchi-
cal approach was adopted of vegetation type, association 
and sub-associatjon. Diagnostic species were listed for each 
syntaxon. These included (i) dominant species, which 
occurred in most releves of the syntaxon (constancy of IV or 
V) and wi th high cover I abundance values, (ii) diagnostic 
species, which occurred in the syntaxon described and not 
elsewhere (constancy III ) and could be used to distinguish 
the syntaxon from others, and (iji) constant companion 
species, which were widespread but with low frequency of 
occurrence amongst other syntaxa, but were common in the 
syntaxon being described (constancy IV or V), For pragmat-
ic reasons less commonly occu rring and non~d iffe re ntia l 
species have been omrnitted from the tables. Species 
nomenclature follows Arnold and De Wet (1993) or more 
recent reviews as accepted by the National Herbarium. 
Environmental gradients 
The approach of McDonald et al. (1996) was fol lowed in 
examining the floristic and environmental gradients of the 
Stormberg I Drakensberg region of the Eastern Cape. Floristic 
gradients in the study area were long so it was assumed that 
there was a non-linear response of species to underlying envi-
ronmental gradients and that analytical methods based on 
Gaussian models could be used (McDonald et al. 1996). 
Correlations between environmental variables were analysed 
independently of floristic data using Principal Components 
Analysis (PCA) (Ter Braak 1987a). Floristic compositional gra-
dients were independantly investigated using Detrended 
Correspondence Analysis (DCA) (Hill 1979b) after which cor-
relations between DCA axes and environmental factors were 
obtained. Finally, Canonical Correspondence Analysis (CCA) 
(Ter Braak 1986, 1987b) was used to deterrnine the direct 
relationships between floristic data and environmental vari~ 
abies in a constrained ordination approach. After initial CCA 
analysis of the complete set of environmental variables, a 
minimum set of explanatory variables was selected. The 
Monte Carlo tes t was used to test for Significance of canoni-
cal correlations. PC-ORD version 4 (McCune and Mefford 
1999) was used for all ordination analyses. 
Diversity analysis 
Species richness (a) was defined as the number of species 
per releve and was presented as the mean species richness 
for each associa tion. Species lists containing the total flora 
for each association derived from the present data set was 
determined and presented as total species richness. 
Results 
Description of the communities 
Dry grasslands (Table 2) 
Elytropappo rhjnocerotjs~Merxmuelleretum distichae ass. nov. 
typus: Table 2, releva 258 , holotypus 
Dominant species: Merxmuellera disticha, Eragrostis chlorome~ 
las, Aristida diffusa, Themeda triandra and occasionally 
Elionurus muticus. 
Diagnostic species: Table 2, species group 1. 
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Table 2: Phytosociological table of dry mountain grassland communities of the study area. Species nomenclature foHows Arnold and De Wet 
(1993) or more recent reviews as accepted by the National Herbarium 
Rekve number 
SPECIES GROUP 1 
Merxl1Iuellem dislic/w 
Felicia filifolia 
Karrooclllo(l purpurea 
Senecio llsperulll .fi 
Mdica decllfllbens 
Salvia repen.') 
SPECIES GROUP 2 
Diospyros uustro-a!r. 
Rhus erom 
Chef/a/ilh es eckLonia/la 
Rhus pyroides 
Hlirpochloajalx 
SPECIES GROUP 3 
Passerilla fIlolilalla 
JielichrysulIl lIudifoliulIl 
Scabiosa colwl/haria 
SPECIES GROUP 4 
Telracillle dregei 
Pemaschistis airoides 
SPECIES GROUP 5 
Hamal/nia depressa 
Microchloa kUl1thii 
SPECIES GROUP 6 
Eragrostis gummiflua 
Eragrostis plana 
Tricholleura grandigl. 
/jloga glomcrata 
Setaria sphacelaca 
SPECIES GROUP 7 
Tragus koelerioides 
P em zia g lobosa 
Lyciw1"l sp. 
Aristida coltgesta 
SPECIES GROUP 8 
Eragrostis elilarome/as 
Themeda trialldra 
Aristida diffusa 
ElionufIls lIZuticus 
Cymhopogoll piurillodis 
Felicia muricata 
Gazania krebsil4"10 
Walafrida saxatilis 
Senecio retrorsus 
Digitaria eriantha 
1233211112333332333153111123321 222333111111 111222222212333333333. 
1245967881333644553134666893201555889666771779111112218122222244, 
12535937861240721731201653709 1789790378041126145896717912567889 
I 1B +ARBB 331+ ++ ++ 1+33333+533AI + 4384 +41 
1++ ++11++++++ ++1 +++ 1++ I R 
I 1+ 1 ++ +1 H + +1 
1+++ H+ + I + + + I + 
I + +++ +1+ + + + 1++ 
I + H I + + +1+ 
1+1+1+1A1+++All++ I +++A+++lA+ I 
13+BB31+1+A +1 +1+1+ A+I 
+++ ++ +++ + 11 +H I 
l+lA+++1 + 1 1+ I + 1 I 
1+1+++ +++++1++ I +++ + I 
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1++ +++++ ++ + ++1 + 
I + + + +++ +++++1 
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+ I + I 
+ + +1 + + I + 
I I I 
I + 14 + I 
I + I 
I + + 1+ 
I + + I 
+ +1+ 11 + + + +1 
+ 
1++++1++1+ 1+BAl I 
++++ 1+ + + +1 
1+++ ++ 1+1 
+ ++++1+++ + I + 
++ 
+ 
I 
I + 
I 
I 
+1 
+ I I 
I 1+ 
I + 1+ 
IlAl+ l+A++ I 
1+ A++ I 
+++ 
1 +++++ ++ 
1M + 11 + 
11+33+1++3R 
1+ A++++A 
1 +++ + 
! +++++++ + 
1 ++++++ + 
1+ +BAl +11IlA+A+1 + 
+1 1+1 ++ +1 11+++ 
I + + 1 
+ 1+ A+ 
A +1 ++ 
A + + ++ 
+ + I + + +AI++ HI++ 1 + ++ +++ 
I + + A+ I+ A + I + IlA+ 1 + lA3++ 
13+H 31 A++AB3++1 B3AB333 lEA AN'A 33BA3B131I 1lAlBBB+B . 
p11lA+++1 +++AAl1 1+ l++lAH I + 3 ++ +1 1 +1++ ++ 11A3+++A3 3· 
1+ +B1+1+ 33A++ AB+I +11 +A++31 +ll+A ++ AI ++ +++1 1++1 1 + +. 
I++~ +1 4+A++ I +++A+B+A I +11+ +B I B1 + +IA++1lA+ ++. 
11lA+++1AA+++ 31 +1 +++1B1B1 I ++++1++1++1 11 1 1 IB1+++1+R+B 
1+ ++ + + + +/++++++++++1+1+ + ++ + 1+++ + + +1 ++ + A++ 
1+ +++++ +++ ++++ 1+ ++++++ +1++ +++++ 1 + +++++1+ ++ +. 
1++ ++ ++ +++ + +1 + +++ +++ 1 + + +++ ++1++ All +1+ ++ ++. 
1+1 +++ +++ 1++ + 1 +++++ + I + 1 ++1++ + + 1+ +++ + 
I + H+ + +1 1+ +1+B I + + ++1+ 11HA 1 +. 
-------------------------------------------------------------------------------------------------------------
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Companion species: Table 2, species group 8 
This association is found on the mountains across the cen-
tral part of the study area excluding the extreme high altitude 
regions. This distribution is wider than Acocks's (1988) 
Merxmuellera Mountain Veld ; it includes the Stormberg 
Plateau Sweet Veld and Themeda-Festuca Alpine Veld . 
Acocks (1988) does, however, ind icate that the 
Merxmuellera grassland starts in patches in the eastern 
mountains on 'rocky, dry aspects' rather than as a continu-
ous unit. The range of altitudes at which this association is 
found is from 1 320 to 2 460m. 
Two sUbassociations were recognised , the diospyretosum 
austro-africani and the lypicum which were distinguished 
upon vegetation structure as well as floristic composition , 
the former a shrubland and the latter a grassland; the pres-
ence of species group 2 (Table 2) in the diospyretosum aus-
tro-africani distinguishes it from the typicum. 
Diospyretosum austro-africani sub-ass. nov. 
typus: Table 2, rei eva 332, holotypus 
Dominant species: Rhus erosa, Eragrostis chlorome/as, 
Themeda triandra, Aristida diffusa, Elionurus muticus and 
Cymbopogon plurinodis. 
Diagnostic species: Table 2 , species group 2 
Companion species: Table 2, species group 8 
This shrubland was found in the mountains of the Karoo and 
in the Stormberg and Drakensberg Mountains and plateau 
at 1 320 to 2 460m in altitude. High surface rock cover, steep 
slope and I or shallow, stony soil or surlace soil erosion char-
acterised the landscape. Shrublands formed a distinctive 
structura l vegetation type within the matrix of grasslands. 
They were restricted to rocky talus slopes and outcrops 
where the surface rockiness was high and soils were shal-
low and stony. These shrublands fall within the class 
Rhoetae erosae described by Werger (1980) which occurs 
extensively on hills and ridges throughout the dryer grass-
land regions of South Africa. In a synthesis of the eastern 
Free State grassland vegetation Du Preez and Bredenkamp 
(1991) recognised a similar vegeta tion type and have shown 
that it is heterogeneous across its range of occurrence. 
Two Variants were recognised, the typicum and the 
passerinietosum montani. the typicum occurring at slightly 
lower altitudes (mean: 1 623 vs 1 734m) , with slightly lower 
rainfall (526 vs 574mm) , percentage su rface rock cover (24 
vs 32%) and slope inclination (9 vs 18") than the passerini-
etasum mantani: 
(i) typicum Variant (typus: Table 2, releva 332) was distin-
guished by the presence of species group 3 (Table 2). 
(ii) Passerina montana Variant (typus: Table 2, releva 161) 
was distinguished by the presence of species group 7 
(Table 2). 
Typicum sub-ass. nov. 
(typus: Table 2, releva 258 holotypus) 
Synonymy: sensu stricto Merxmuellera disticha-
Elytropappus rhinocerotis Montane Grassland (Palmer 
1991) , sensu lato Merxmuellera Mountain Veld (Acocks 
1988) . 
Hoare and Bredenkamp 
Dominant species : Merxmuellera disticha , Eragrostis 
chloromelas, E. cUfvula and occasionally Pentzia glo-
bosa. 
Diagnostic species: Differentiated by the absence of species 
groups 2 (Table 2) . 
Companion species: Species groups 1, 7 and 8 (Table 2) . 
The grass Merxmuellera distich a is dominant in this grass-
land. Although this species has a wider distribution than the 
current association (Gibbs-Russell et al. 1991), it is domi-
nant in this association . Dwarf shrubs are an important com-
ponent of the vegetation and species such as Chrysocoma 
ciliata , Felicia filifolia and Walafrida saxatalis are found 
throughout, indicating a noristic re lationship with karoo veg-
etation. 
Two variants were recognised , the Cyperus usitatus and 
Tetrachne dregei Variants. the former at slightly lower alti-
tudes than the latter (mean 1 592 vs 1 692m) . 
(i) The Cyperus usitatus Variant (typus: Table 2, releva 
258) was not distinguished by the presence of any 
species group . 
(ii) The Tetrachne dregei Variant (typus: Table 2, releva 
171) was distinguished by the presence of species 
group 4 (Table 2) . 
Hermannio depressae-Eragrostietum chloromeladis ass. nov. 
typus: Table 2, releva 326, holotypus 
Dominant species: Eragrostis chlorome/as, Cymbopogon 
pfurinodis, Themeda triandra and Elionurus rnuticus and 
occasionaJly Michrocl1loa kuntl1ii and Heteropogon con-
tortus. 
Diagnostic species: Species group 5 (Table 2) . 
Companion species: Species groups 7 and 8 (Table 2) . 
This association was found on the flat to genJly sloping bot-
tomland plains of the Queenstown Basin and north of the 
Stormberg Plateau ranging in altitude from 1065 to 1600m 
above sea level. 
Two sub~associations were recognised, the eragrostieto-
sum gummifluae and the eragrosUetosum curvulae. 
(i) The eragrosiietosum gummifluae subass. nova (typus: 
Table 2, re leva 326) 
Synonymy: sensu stricto Eragrostis pJana-Eragrostis gum-
miflua commun ity (Werger 1980), sensu lato Eragrostis 
obtusa-Eragrostis lehmanniana dry grassland vegetation 
class (Du Preez and Bredenkamp 1991), although th is is 
probably a drier vegetation type than the eragrostietosum 
gummifluae being described here. 
This sub-association was found mainly in the Aliwal North 
Basin on sandy and well-drained soils at altitudes ranging 
from 1 350 to 1 620m. The grass Eragrostis gummiffua was 
dominant and, along with the other species of species group 
6 (Table 1), constitutes the diagnostic species of the era-
grostietosum gummifluae. 
(ii) The eragrostietosum curvulae subass. nova (typus: 
Table 2, releve 268) 
Synonymy: sensu lato Dry Cymbopogon-Themeda Veld 
(Acocks 1988) and possibly also falls within Eragrostis 
obtusa-Eragrostis lehmanniana dry grassland vegetation 
class (Du Preez and Bredenkamp 1991). 
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This sUb-association was found mainly on the plains of the 
Queenstown Basin at altitudes of 1 11 0 to 1 590m above sea 
level on heavier soils (loamy or clay-loam soils) than the era-
grostietosum gLlmmifluae. Dominant species for the era-
grastietosum cUNulae correspond to those for the whole 
association . 
Mesic grasslands (Table 3) 
Heliehrysum rugulosae-Themedetum triandrae ass . nov. 
typus: Tabte 3, relev;, 289, holotypus 
Synonymy: sensu lalo Themeda- Festuca Atpine Veld 
(Acocks 1988), and has a strong relationship to Themeda 
Iriandra-Eragrostis plana moist grassland (Du Preez and 
Bredenkamp 1991 ) on footslopes of Drakensberg, and 
Tristachya leucothrix-Tra chypogon spicatus grassland (Du 
Preez and Bredenkamp 1991) higher up in the Drakensberg . 
This association occurred at altitudes from 1 320 to 2 060m 
in the Stormberg and Drakensberg region and was the most 
widespread grassland association in this reg ion. It occurred 
on the gently sloping to flat landscapes of the study area, 
especially on the Stormberg escarpment. The species com-
position of this grassland type is similar in many respects to 
the Themeda triandra-Elionurus mutieus grassland in the 
low-altitude regions of northern Kwazulu-Natal of Eckhardt 
et al. (1993) and the Themeda Iriandra-Eragrostis plana 
moist grassland class of Du Preez and Bredenkamp (1991). 
Two sub-associations were recognised: 
(i ) The stoebetosum vulgaris subass. nov. (typus: Table 3, 
relev;, 289) was found at lower altitudes (mean 1 556m, 
Table 4) with warmer conditions and less frost than the 
other sub-association (mean 1 907m, Table 4) . 
Diagnostic species were those of species group 3 
(Table 3). This sub-association had a fioristic sirnilarity 
to Themeda Iriandra-Eragroslis plana moist grassland 
(Du Preez and Bredenkamp 199 1). 
(ii ) The senecietosum erubescentis subass. nov. (typus: 
Table 3, re lev;, 296) had a floristic similarity to 
Trislachya leucothrix- Trachypogon spicalus grassland 
(Du Preez and Bredenkamp 1991). Two variants of the 
sub-association were recognised, the Brachiaria serrata 
Variant and the Eragrastis chlorome/as Variant: 
(i) The Brachiaria serrala Variant (typus: Table 3, releve 
291) w ith species group 4 as diagnostics (Table 3) . 
(ii) The Eragrostis chloromelas Variant (typus: Table 3, 
re leve 354) which lacked diagnostic species. 
Eragrostio chloromeladis-Festucetum caprinae ass. nov. 
typus: Table 3, releve 207, holotypus 
Synonymy: sensu lato Themeda-Festuca Alpine Veld 
(Acocks 1988) , similar to Festuca caprin a Grassland (Kay et 
al. 1993) and Merxmuellera drakensbergensis-Festuca cap-
rina high al titude Afro-alp ine grassland (Du Preez and 
Bredenkamp 1991). 
This is a relatively high-altitude association and occu rs 
from 1 780 to 2 380m in the Stormberg, Drakensberg and 
Witte berg Mountains. Dominant species are Themeda tdan-
dra and Festuca caprina. The same two species are also 
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dominant at high altitudes in the Golden Gate Highlands 
National Park (Kay el a/. 1993), although diagnostic and 
accompanying species differ for that area. Diagnostic 
species for th is association are those of species group 5 
(Table 3) and companion species are species group 12 
(Table 3). 
Themeda triandrae-Festucetum scabrae ass. nov. 
typus: Table 3, releve 260 , holotypus 
Synonymy: sensu lata Merxmuellera drakensbergensis-
Fesluca caprina high altitude Afro-alpine grassland (Du 
Preez and Bredenkamp 1991) 
This association is an escarpment slope grassland and 
occurs at alti tudes from 1 660 to 2 160m on the mesic east-
ern parts of the escarpment. It is dominated by Festuca 
scabra , F costata and Themeda triandra . Diagnostic 
species are those of species group 6 (Table 3) and com-
panion species are from species group 12 (Table 3) . 
Floristically this association could not be matched to other 
high altitude or escarpment grasslands, although dominance 
by the grass Festuca costata has also been reported for the 
north-eastern escarpment regions of South Africa (Matthews 
et al. 1992). 
Two sub-associations are recognised , typicum and cotuleto-
sum hispidae: 
(i) The Iypicum subass. nova (typus : Table 3, rei eve 260) 
was found on escarpment slopes, but not on the sum-
mit. 
(ii) The cotuletosum hispidae subass. nova (typus: Table 3, 
releve 300) was found on the summit of steep escarp-
ment slopes, and was distinguished by the presence of 
species group 7 (Table 3) . 
Prateo simplicis-Themedetum triandrae ass. nov. 
typus: Table 3, releve 503, holotypus 
Synonymy: sensu stricto Subal pine grassland (Bester 
1997) , Rendlia altera grassland (Kay el a/. 1993), sensu lato 
Highland Sourveld (Acocks 1988). 
This mesic grassland occurred at the summit of the sec-
ondary escarpment south of Elliot. It was found on flat to 
moderately sloping landscapes on red apedal dystrophic 
soils. It was dominated by the species Themeda Iriandra, 
Eragrostis capensis, E. racemosus and Heteropogon con-
tortus. Diagnostic species were those of species group 8 
(Table 3) and companion species were those of species 
group 12 (Table 3). The species composition matched fa irly 
closely the Rendlia altera grassland reported for the Golden 
Gate Highlands National Park (Kay el al. 1993), although it 
occu rs at a lower altitude. 
Drainage lines here were dominated by Cyathea dregei, 
and indigenous forest occurred in patches on steep, south 
facing slopes. Three sub-associations were recognised : 
(i) gerberielosum ambiguae subass. nova. typus: Table 3, 
releva 505, holotypus 
Diagnostic species are those of species group 9 (Table 3). 
(ii) digitarietosum flaccidae subass. nova. typus: Table 3, 
releve 500, holotypus 
Diagnostic species are those of species group 10 (Table 
3). 
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Table 3: Phytosociological table of mesic mountain grassland communities of the study area. Species nomenclature follows Arnold and De 
Wet (1993) or more recent reviews as accepted by the National Herbarium 
Releve number 
SPECIES GROUI' I 
Eragro.His chlomm!'ias 
Felicia fififolill 
Chrysocol//a ciliata 
Ht'liclOtric/uJII wrgidllllllll 
SPECIES GROUP 2 
lIelich'-yswlI ruguloSltI/l 
Wahlt'llbngia siellariocit-s 
SPECIES GROUP 3 
SWt'be vlIlgaris 
BnkJwya discolor 
Eragrostis plana 
SPECIES GROUP 4 
(vperus IIsitafus 
Brachiaria sernlfa 
SPECIES GROUP 5 
FestllctJ ('april/a 
HeJichry-slim ot/vrtltis.\imlllll 
HelichrysulII lrililleatlllll 
SPECIES GROUP 6 
Fesrll ca scahra 
Ft'stuclI coslata 
SPECIES GROUP 7 
Com/a }'ispida 
Ellphorbia epi<·ypari.uiIIS 
Erica sp 
Nidort'ila wuJulllla 
SPECIES GROUP 8 
AI/oterops;s semia/ala 
Prole(l simplex 
llypoxis argC'fltea 
Rhync:hosia capl'flSis 
Helichrysul1I mixtum 
Acalypha sellillzii 
Vallollia IIatatel/sis 
Pemanisia prunelloides 
SPECIES GROUP 9 
Gerbera ambigllO 
Richardia humislrata 
SPECIES GROUP 10 
Digitaria J1accida 
Watsania gladialoides 
Scilla nervosa 
SPECIES GROUP 11 
Rendlia a/rera 
SPECIES GROUP 12 
1hemeda triandra 
Eliorwrus muticlls 
Eragrostis capellsis 
Heteropogofl contorl/lS 
Helichrysum pi/osel/um 
Senecio relrorsus 
Eragroslis racemosa 
Ficinia gracilis 
123323322223333 123233133212212222122221221333315555515555 
190084678882046 194911155964914000900421661000111000211011 
1034832969035631611461462477165785163011010125164"9014013 
IA lA3B l1BB113I + lABIAl IA+l I'BI+BI 
1 +A+ ++ +11 1++ +1 ++ + +IAl I 
1 +1 + + + 1 + 1+ 1+ 1++++++1111 
1+ +1+ +1+++1 14+A111 AlH+ I+ + 1 +1 +++1 
1+ + ++++ 1+ +1++ 1+ 1++ 
1 ++++++++ ++ 1++ ++1 
R +3R+++1+AAI 
1 + + +++ 1++ 1 
1+++++ + +A I 
+ 11+1+ 
+ + I I+MI 
I 
I + 
+ 
I 
I 
I + 
I 
I 
11 I 
11+1 
+1 
I 
I 
1+ 
I 
+1 
I + 
+ 
I + 11 
13B+ 131 
++++++ 1 
3+ +++ 1 I 
I 
I 
1+ 
I 
I 
I 
I 
I 
+ II 
I 
+ ++ 
+ 
+ 
+ 1++14B331 
I IAI ABIA I 
I +++1 
I +++ I 
11 +11 
1++ +1 
I l+ll++11Al1 
1 1++++ 1 ++++ 
1 I ++++1++++ 
1 1 ++++1++ + 
1+ 1 ++++1+ ++ 
I I 1+ +1 A + 
11++ +1+++ 
I I + +1++ + 
1+++++ 1 
1+++++1 
I 1++ 
I 1+++ 
11 1++ + 
++ + 1 
13A3BBAl44BA34BII B331++4B33 1333333331133 11IA+1 AI+1133 3 
1AAA3134A13BA + lABIA 13AlABlll++ A 11+1 AI 111 + I I + 
1+ +++++++11 +1 +++ 18A+ 1+1+ + ++ 1 ]+++ IAA1+1 [AB3A 
I 11B+ll 1+1+ 111 BIA I I + I 1+ 1l1+BB1BII ++ 
1+++++ ++ +++ + 1+ +++1+ 1+ 1+ +++ 1 1 + 1 ++++1++++ 
1+ ++1+++++1+1+ 1 + I ++++ 1+ ++1++1 J+ + 1+++ 
111+1 A + +1++1++ 11 + I + I I IABAB+IA11. 
I +++ +11+ +1+ + I I I I +1l1 111B+ 
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Table 4: Environmental variables for each association and sub~association described for th e Stormberg~Drakensberg region of the Eastern 
Cape, Abbreviations for associations I sub~associations , as used in the table, are explained fu lly below and abbreviations for environmental 
variables are explained in Table 1. Standard deviations of values are given in parentheses. Sub~associations of the Proteo simplicis-
Themedetum triandrae only have descriptions for local environmental factors (surface rock cover) since plots were too close together to 
extract climatic variables from climate surfaces for each re leve. Similarly the association is described by single climatic values and no stan-
dard deviations are given 
Association I sub~association (for codes see below) 
Variable Elyt-Merx dios typi Herm·Era g gum curv Heli-Them stoe sene 
AWl 1685 1700 1664 141 3 1441 1381 1669 1526 1852 
(160) (177) (137) (141) (128) (155) (237) (182) (163) 
MAP 535 559 504 538 565 506 667 669 663 
(79) (83) (62) (59) (54) (49) (17) (91 ) (60) 
Tmax 26.9 26.6 27.3 29 28 .8 28.4 25.9 26.8 24.8 
(1.5) (1 .7) (1.1 ) (0 .8) (0.8) (0 .9) (1.4) (0 .9) (1.2) 
Frost 61 61 62 50 51 49 59 51 69 
(8.2) (9 .5) (6 .1) (8.3) (8.3) (8.6) (14.7) (11.9) (11 .1 ) 
%Rock 17.8 28.4 4.4 3.3 2.0 5.0 3.7 4.1 3.3 
(21 .5) (22.3) (10.0) (6.0) (5.6) (6.5) (10.5) (133) (6.0) 
Slope 10.2 14.9 4.5 1.8 1.2 2.4 8.4 6.9 10.3 
(11 .4) (11 .8) (7 .8) (1 .6) (1.4) (1 6) (8 .2) (9.9) (5.4) 
PETSUM 1915 1993 1852 2029 2045 2010 1744 1815 1655 
(182) (171 ) (165) (115) (1 13) (1 15) (108) (74) (74) 
PETWIN 10BB 1104 1075 1140 1122 1159 1073 1093 1045 
(44) (55) (27) (42) (24) (49) (33) (28) (17) 
SRAD 24.0 23.9 24.3 24.8 24.9 24.7 23.6 23.9 23.3 
(0.9) (1 .1 ) (0.6) (0.5) (0.4) (0.5) (0.5) (0.3) (0.5) 
Drakens (%) 13.8 19.4 6.9 0 0 0 22.2 0 .0 52.2 
DA(%) 10.8 139 6.9 0 0 0 14.B 0.0 33.3 
EA(%) 1.5 2.8 0.0 0 0 0 33.3 26.7 41.7 
No. of releves 65 36 29 28 16 12 25 14 11 
Variable Erag-Fest Them-Fest typi colu Prot-Them gerb dig; rend 
Al ti! 2039 1943 1950 1941 1383 1308 1470 1370 
(194) (161 ) (400) (398) (88) (36) (24) (90) 
MAP 759 753 550 834 654 
(107) (160) (7) (98) 
Tmax 23.7 24.4 25.0 24.2 25.2 
(1.7) (1.5) (0) (1.5) 
Frost 63 50 58 47 39 
(16.8) (1 3.5) (6.4) (15.1) 
%Rock 4.1 5.0 1.0 6.6 11 .5 8 .2 10.2 16.0 
(6.1) (9 .0) (1.4) (10.5) (14.7) (11.3) (12.6) (20.7) 
Slope 12.9 13.6 12.9 10.7 3.4 2.7 48 2.7 
(1 2.6) (9 .1) (12.6) (13.6) (4.9) (3.0) (7 .7) (3.0) 
PETSUM 1584 1575 151 4 1675 1760 
(93) (96) (71) (10) 
PETWIN 1033 1029 1015 1052 1106 
(16) (22) (16) (0) 
SRAD 22.6 22.7 23.0 22 .6 23.5 
(1 .2) (0 .9) (0.2) (1.1 ) 
Drakens (%) 17.B 50.0 0.0 80.0 0.0 
DA(%) 77.8 37.5 0.0 60.0 0.0 
EA(%) 11.1 25.0 0.0 40.0 20.0 
No. of releves 9 8 3 5 18 6 6 6 
Elyl-Merx = Elytropappo rhinocerotis-Merxmuelleretum distichae; dios = diospyrefosum austro-africani; merx = merxmuelleretosum distichae: 
Herm-erag = Hermannio depressae-Eragrosfielum chloromeJadis; gum = eragrostietosum gummifluae: curv = eragrostietosum curvulae; Heli-
Them = Helichrysum rugulosae~ Themedetum triandrae; stoe = stoebetosum vulgarae; sene = senecietosum erubescens: Erag-Fest = 
Eragrostio chloromeladis-Festucetum caprinae: Them-Fest = Themeda triandrae-Festucetum scabrae: typi = typicum; cotu = cotuletosum 
hispidae: Prot-Them = Proteo simplicis-Themedetum triandrae; gerb = gerberietosum ambiguae; digi = digitarietosum flacc/dae; rend = 
Rendlietosum alterae 
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(iii) rendlietosum a/terae subass. nova. typus: Table 3, 
relev" 503, holotypus 
Diagnostic species are those of species group 11 (Table 3). 
This sub-association occurred at the summit of slopes on 
shallow lithosols or with rocky outcrops in the grasslands. 
Environment 
Environmental gradients 
The results of the PCA of the environmental variables (Table 
6) showed that Axis 1, which accounted for 28.5% of the vari-
ance in the environmental data , was strongly positively cor-
related with TMAX (r = 0.928) , PETSUM (r= 0.926), PETWIN 
(r= 0.864), SRADSUM (r= 0.937) and SRADWIN (r = 0.706), 
and negatively correlated with ALTIT (r = -0 .860) and MAP (r 
= -0. 754). This defined a gradient of moisture availability that 
is partially attributed to a change in elevation. Axis 2 accounts 
for 11 .3% of the variance, is correlated (positive) most strong-
ly wi th TMIN (r = 0.564) and (negative) most strongly with 
%ROCK (r = -0.613). Substratum appears to be the most 
important factor controll ing this gradient. Axis 3 accounts for 
7.6% of the variance. The Axis is most strongly correlated 
(positive) with TMIN (r = 0.485), and most strongly correlated 
(nega Jive) with FROST (r = -0.528). 
Environmental variables, especially climatic variables, 
were often strongly correlated with one another. AL TIT was 
positively correlated with MAP (r = 0.473) and negatively cor-
re lated with PETSUM (r = -0.686), PETWIN (r = -0.807), 
SRADSUM (r= -0.755), SRADWIN (r = -0.669) and TMAX (r 
= -0.865). There was a moderate positive correlation 
between SLOPE and %ROCK (r = 0.491) and SLOPE and 
ASPECT (r = 0.422) with most steep slopes being south-fac-
ing . Major soil types were each correlated wi th a single major 
geology; CA with MOLTENO (r = 0.334), CB with TARKA (r = 
0.522), DA with DRAKENS (r = 0.879) , EA with CLARENS (r 
= 0.469) and EB with ELLIOT (r = 0.394). There was a gradi-
ent in geological type from Tarkastad Subg roup at low eleva-
tion , through Molteno, El liot and Clarens Formations to 
Drakensberg Formation at the highest elevation. 
Vegetation~environment gradients 
Unconstrained site ordination (OCA) 
The gradient lengths in Axis 1 and Axis 2 of the DCA were 
both >3 (Table 5) indicating a high species turnover along 
these gradients (McDonald et a/. 1996). A good correlation 
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was found between Axis 1 and MAP (r = 0.735), which 
reflects the species turnover from dry to mesic sites in the 
study area (Table 7) . There was also a strong negative cor-
relation between Axis 1 and PETSUM (r= -0.595) as well as 
SRADSUM (r = -0.516), two factors which have a strong 
influence on plant available moisture. 
Axis 2 (Table 7) was positively correlated with PETWIN (r 
= 0.458) and the TMAX (r = 0.420) and negatively correlat-
ed with SLOPE (r= -0.518).ALTIT (r= -0.442) and %ROCK 
(r= -0.428). This reflects a complex gradient associated with 
topographic features of the study area combined with cli-
matic factors and reflects floristic turnover of species 
between rocky and non-rocky sites at lower altitude as well 
as the increasing tendency towards rockiness and greater 
slope inclination at high altitudes. 
Axis 3 (Table 7) was positively correlated with TMAX (r = 
0.406) and negatively correlated with ALTIT (r = -0.425) , 
indicating an elevation gradient in which maximum tempera-
tures become lower with increasing a ltitude. 
Constrained site ordination (CCA) 
The eigenvalues fo r the CCA axes were similar to the DCA 
eigenvalues (Table 5) indicating that most of the important 
environmental variables were induded in the analysis 
(McDonald et at. 1996). There were strong floristic-environ-
ment correlations on the first three canonical axes (Table 5). 
The Monte Carlo permutation test for significance (99 per-
mutations) found both species-environment relations and 
eigenvalues to be significant (p<0.01 01). 
Axis 1 (Table 8) was most strongly correlated (positive) with 
MAP (r = 0.894) and negatively with PETSUM (r = -0.764), 
although there was also a strong negative correla tion to 
TMAX (r = -0.607) , PETWIN (r = -0.610) , SRADSUM (r = -
0.688) and SRADWIN (r = -0.588). This defined a moisture 
availability grad ient. Axis 1 of the CCA biplot (Figure 3) rep-
resents an available moisture gradient with the Eragrostio 
chloromeladis-Festucetum caprinae association to the right 
of the axis and the Elytropappo rhinocerotis-
Merxmuelleretum distichae association to the le~ . The dry 
vegetation types (closed symbols) are clearly separated 
from the more mesic vegetat ion types (line symbols) . 
Axis 2 was most strongly correlated (positive) with ALTIT 
(r= 0.566) , FROST (r= 0.415) and SLOPE (r = 0.365) and 
(negative) with SRADWIN (r = -0.504) (Table 8) . This gradi-
ent is, therefore, an altitude gradient in which slope inclina-
tions tended to increase with altitude and thus affected solar 
radiation levels. Axis 2 of the CCA biplol (Figure 3) repre-
Table 5: Results of Principal Components Analysis (PCA) , Delrended Correspondence Analysis (DCA) and Canonical Correspondence 
Analysis (CCA) 
Axes 
Analysis 1.1 1.2 j.3 r1 r2 r3 %, %2 %3 GL1 GL2 GL3 
PCA 7683 3.058 2.051 28 .5 11 .3 7.6 
DCA 0.455 0.273 0.205 20.9 10.4 5.1 3.899 3.207 2.700 
CCA1 0.469 0.321 0251 0903 0.879 0.812 3.6 2.4 1.9 
CCA2 0448 0.297 0.238 0.891 0.859 0.872 3.4 2.3 1.8 
A - Axis eigenvalue; GL - Gradient lenglh; 
r - Species-environment correlation, CCA 1 - All environmental variables; 
% - Percentage of variance expJainecj, CCA2 - Minimum set of environmental variables 
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Table 6: Correla tions between Principal Components An alys is 
(PCA) axes for environmenta l factors of vegeta tion of the 
Stormberg ' Draken sberg part of the Eastern Cape. Correlation 
coe fficients in bold type are for th ose variables most positively and 
most negatively correlated with the respective axis 
Variable Axes 
1 2 3 
ALTIT -0 960 -0.118 -0.151 
MAP -0.754 0.340 0.104 
TMIN 0.287 0.564 0.485 
TMAX 0.928 -0.065 -0.027 
FROST -0.383 -0.361 -0. 528 
% ROCK -0.044 -0.61 3 -0.007 
SLOPE -0.445 -0.375 0.114 
ETSUM 0.926 -0.030 -0.192 
PETWIN 0.864 0.288 -0.090 
SRADSUM 0.937 -0.085 -0.149 
SRADWIN 0706 -0.205 -0.157 
sents primarily an altitude gradient with the Helichrysum 
rugulosae ~ Themedetum triandrae association and the 
Hermannio depressae~Eragrostietum chloromeladis associ-
alion occurring at lower allitudes and the Elytropappo 
rhinocerotis-Merxmuelleretum distichae association and the 
Eragrostio chloromeladis-Festucetum caprinae association 
at higher altitudes. 
Axis 3 was most strongly positively correlated with 
%ROCK (r = 0.860) and SLOPE (r = 0.505) (Table 8). This 
defined a gradient of increasing surface rock cover, which 
often occurred with an increase in slope inclination. For all 
associations together there was a positive correlation 
between percentage rock cover and shrub aerial cover (r'! = 
0.22; P > 0.001) and this environmental factor had an obvi-
ous effect on floristic composit ion at a local scale. 
Diversity 
Mean species richness per association I sUb-association 
ranged from 29.7-40.4 per 100m', and has a maximum of 
34.7 for associations in which shrubs do not occur (Table 9). 
The most species rich association was the Elytropappo 
rhinocerotis-Merxmuelleretum distichae , specifically the 
diospyrelosum austro-africani sub-association , followed by 
the high-altitude Themeda triandrae-Festucetum scabrae 
(Table 9) . 
Discussion 
TWINSPAN classification followed by refinement using 
Braun-Blanquet succesfully delimited the floristic units with-
in the grasslands of the Stormberg I Drakensberg region of 
the Eastern Cape. Seven associations and eleven sub-
associations could be identified on the basis of diagnostic 
floristic elements in the data presented here. In many cases 
these were synonymous to some extent with previously 
described communities. There was a strong floristic relat ion-
ship belween the grasslands described here and the class-
es of grassland vegetat ion described for the southern and 
eastern Free Slate and Lesotho (Du Preez and Bredenkamp 
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Table 7: Correlations between Detrended Correspondence 
Analysis (DCA) axes for environmental factors of vegeta tion of the 
Stormberg I Drakensberg part of the Eastern Cape. Correlation 
coe fficients in bold type are for those variables most positively and 
most negatively correla ted with the respective axis 
Variable Axes 
2 3 
ALTIT 0.189 -0.442 -0.425 
MAP 0.735 -0.197 -0.227 
TMIN 0.071 0.213 0.122 
TMAX -0.383 0.420 0.406 
FROST -0.135 -0.275 -0.242 
% ROCK -0.159 -0.428 -0.049 
SLOPE 0.146 -0.518 -0.275 
PETSUM -0.595 0.382 0.263 
PETWIN -0.389 0.458 0.202 
SRADSUM -0.516 0.382 0.288 
SRADWIN -0.242 0.324 0.346 
ASPECT 0.073 -0.332 -0 .1 96 
TARKA -0.211 0.152 -0.043 
MOLTENO -0.107 0.212 0 078 
ELLIOT -0.096 -0.145 0.236 
CLARENS 0. 169 -0.093 0.045 
DRAKENS 0.359 -0.192 -0.366 
DOLERITE -0.048 0.053 0.057 
PYROCLAS -0.142 -0.036 0.007 
QUATERN 0.036 0.137 -0.074 
CA 0.008 0.233 0.242 
CB -0.294 0.298 -0.058 
DA 0.312 -0.145 -0.393 
EA 0.395 -0.130 0.043 
EB -0.248 -0.147 0.101 
GA -0.064 -0.131 -0.012 
1991) with a similar relationship to altitude. Similarly, Ihere 
was a strong similarity between higher altitude associations 
described here and those described by Bester (1997) for the 
Elliot-Maclear region. The typicum sub-association of the 
Elytropappo rhinocerotis-Merxmuelleretum distichae associ-
ation described here is noristically very similar to vegetation 
described by Palmer (1991) for the western portions of the 
Karoo mountain region of the Eastern Cape. The eragrosti-
etosum gummifluae sUb-association of the Hermannio 
depressae ~Eragrostietum chloromeladis association is 
equivalent to vegetation described by Werger (1980) in Ihe 
Upper Orange River region. It is unlikely that all variability in 
the study area has been described , but there is now suffi -
cient published and unpublished information to produce a 
syntaxanomic synthesis of grasslands of the Eastern Cape. 
Such a synthesis would be the most useful next step to fur-
ther botanical exploration of the region. The description of 
these vegetation units using a formal syntaxanomic scheme 
allows for integration of data in an hierarchical manner. This, 
in turn , provides a framework in which vegetation pattern 
can be interpreted without masking floristic complexities and 
vegetation~environment relationships can be interpreted at 
an appropriate scale. 
The interpretation of vegetation-environment relationships 
here was successfully performed using ordination tech~ 
niques. The analysis of the environmental data using peA 
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Table 8: Intraset correlations (ter Braak 1986) between Canonical 
Correspondence Ana lysis (eCA) axes for minimum set of environ-
mental factors of vegetation of the Stormberg I Drakensberg part of 
the Eastern Cape. Canonical coefficients in bold type are for those 
variables most positively and most negatively correlated with the 
respective axis 
Variable Axes 
2 3 
ALTIT 0.462 0.566 0 .222 
MAP 0.894 -0148 -0017 
TMAX -0.607 -0.324 -0.199 
FROST -0.1 11 0.415 0.048 
% ROCK -0.063 0 .217 0.860 
SLOPE 0329 0.365 0.505 
PETSUM -0.764 -0.031 -0.225 
PETWIN -0.610 -0 .267 -0.272 
SRADSUM -0.688 -0. 136 -0.191 
SRADWIN -0.588 -0.504 0.088 
DRAKENS 0.524 0.187 0.086 
DA 0.459 0.207 0.040 
EA 0.431 -0.235 -0.134 
revealed that the environment is variable, but that this vari-
ability is captured in relatively few dimensions; 47% in first 
three PCA axes. In contrast the fio ristic data shows a greater 
amoun t of variability and only 36% of variability is account-
ed for in the first three DCA axes (Table 5). Despite this, 
there is a good correla tion between vegetation pattern and 
environmental parameters as shown by the high correlation 
co-efficients from the CCA (Table 5). 
There are broad rainfall and elevation gradients in the 
Stormberg I Drakensberg mountain region of the Eastern 
Cape. Elevation affects cl imatic parameters markedly and 
the Principal Components Analysis indicated that there is a 
relatively large degree of correlation between parameters, 
espeCially a negative relationship between altitude/rain fall 
and summer potential evapotranspiration/maximum temper-
ature of the warmest month. Elevation was posit ively corre-
lated wi th rainfall and negatively correlated with potential 
evapotranspirat ion , solar radiation and maximum tempera-
ture of the warmest month. A good correlation from the DCA 
was fou nd between mean annual precipitation and species 
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Figure 3: Canonical Correspondence AnalysIs (CCA) biplot of 138 
plots and 13 environmental variables for mountain grassland asso-
ciations of the Stormberg I Drakensberg region of the Eastern 
Cape Abbreviations for environmental variables are explained in 
Table 1 . • = Elytropappo rhinocerotis-Merxmuefleretum disticlJae. 
~ = Hermannio depressae-Eragrostietum chforome/adis, + = 
Helichrysum rugulosae-Themedetum triandrae, X = Eragrostio 
chloromeladis-Festucetum caprinae, • = Themeda (riandrae-
Festucetum scabrae 
turnover from dry to mesic si tes in the study area as well as 
between warmer, drier slopes to cooler, more mesic high 
alt itude and south-facing slopes. 
Substratum characteristics also emerge as an important 
environmental factor in determining the character of com-
munities, especial ly percentage cover of surface rock. There 
was a moderate positive correlation between slope inclina-
tion, percentage cover of surface rock and aspect with most 
sleep slopes being south-facing. The grass-dominated 
merxmuelleretosum distichae sUb-association could be dis-
tinguished from the shrub-dominated diospyrelosum austro-
african; sub-association in the Elytropappo rhinocerotis-
Merxmuelleretum disticllae association primarily on the 
basis of soi l-surface rock-cover and slope inclination , 
although the distribu tion of these two sub-associations over-
lapped to a large degree. The surface substrate characteris-
tics had a local influence on floristic composition, as 
Table 9: Diversity values for each association and sub-associa tion described for the Stormberg I Drakensberg region of the Eastern Cape 
Abbrevia tions for associ allons ! sub-associations, as used In Ihe table, are exp lained in Table 4 
Association I sub-association (for codes see below) 
Diversity index Elyt-Merx dios merx Herm-Erag gumm curv Heli~Them stoe sene 
Mean species 33.9 40.4 25.7 32.5 32.1 33.0 31 .8 31.6 31.9 
richness ((X) (11 .0) (10.1 ) (5 .0) (9 .2) (9.6) (9 .0) (7 .8) (8.7) (6.8) 
Total species 365 342 185 200 126 161 347 272 199 
richness (8) 
No. of releves 52 27 25 26 16 12 25 14 11 
Diversity index Erag-Fest Them-Fest Iypi ,",Iu Prot-Them gerb digi rend 
Mean species 30.7 34.7 32.5 35.6 31 .7 31.0 34.5 297 
richness (c.( ) (11.4) (9 .6) (12.0) (9 .9) (7 .6) (8 .2) (6 .1) (9.2) 
Total species 122 199 53 178 166 78 86 80 
richness (8) 
No. of reI eves 9 6 3 5 16 6 6 6 
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opposed to the more broad influence of the climatic and alti-
tudinal gradients. 
The mean species richness per community of 30-40 
species per 100m' for the present study (Table 9) was com-
parable to grasslands in other parts of the country. For 
example, low altitude grasslands in northern Kwazulu-Natal 
had a mean species richness per community that varied 
from 9- 30 species per 100m' (Eckhardt et al. 1996a) and 
high altitude grasslands in the same region from 18- 39 
species per 100m' (Eckhardt et al. 1996b). In the north-east-
ern Mpumalanga high altitude regions mean species rich-
ness varied from 11-42 species per 100m2 with a mean of 
25 species (Matthews et al. 1992). These values are, how-
ever, lower than the 43 species per 100m' of the grasslands 
in the cenlral Highveld region near Witbank (Smit et al. 
1997). One-way AN OVA indicated that there was a signifi-
cant difference (p > 0.001) between the mean species rich-
ness of the Stormberg reg ion and those of the Witbank area 
(Smit et al. 1997), the Amatola Mountain region (Hoare and 
Bredenkamp 2000) and the Mpumalanga escarpment grass-
lands (Matthews et al. 1992), with the Witbank grasslands 
having the highest mean species richness followed by the 
Stormberg mountain region. 
Diversity relationships indicated a host of factors operating 
at different scales in the study area. Higher species richness 
was found in those associations that had greater structural 
complexity, i.e. a dwarf shrub or shrub layer in addition to a 
herb/grass layer. Species richness appears to be primarily 
affected by environmental variability at different scales with 
local environmen tal factors resulting in high species rich-
ness at the plot scale and increased floristic turnover along 
environmental gradients between plots. 
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